Temporary waters, in general, are fascinating habitats in which to study the properties of species adapted to living in highly variable environments. Species display a remarkable array of strategies for dealing with the periodic loss of their primary medium that sets them apart from the inhabitants of permanent water bodies. Survival of individuals typically depends on exceptional physiological tolerance or effective migrational abilities, and communities have their own, distinctive hallmarks. This paper will broadly overview the biology of temporary ponds, but will emphasize those in temperate forests. In particular, links will be sought between aquatic community properties, the nature of the riparian vegetation, and forestry practices. Quite apart from their inherent biological interest, temporary waters are now in the limelight both from a conservation perspective, as these habitats come more into conflict with human activities, and a health-control perspective, as breeding habitats for vectors of arboviruses. Traditionally, many temporary waters, be they pools, streams or wetlands, have been considered to be 'wasted' areas of land, potentially convertible to agriculture/silviculture once drained. In reality, they are natural features of the global landscape representing distinct and unique habitats for many species -some that are found nowhere else, others that reach their maximum abundance there. To be effective, conservation measures must preserve the full, hydroseral range of wetland types.
biological factors may be important also, especially with increased duration of the aquatic phase (hydroperiod). Insects and crustaceans tend to dominate the fauna, but temporary water communities, as a whole, may comprise bacteria, protoctists, vertebrates, fungi, and an abundance of higher and lower plants. Many species exhibit opportunistic and pioneering traits, and also a range of drought-survival mechanisms, such as dormancy and seed formation.
Despite perhaps being regarded as the cinderellas of aquatic science, temporary waters are important to mankind for a number of reasons. Four of these are:
(1) temporary waters represent significant components of the global landscape, and, including wetlands, represent a significant store of our planet's fresh waters; (2) from a cultural perspective, cyclically fluctuating water levels have often determined the sustainability and evolution of riparian societies. A prime example is the annual flooding of the River Nile upon which the agricultural activities of both ancient and modern civilizations have depended; (3) from a scientific perspective, these habitats have considerable significance to biology; (4) from a health perspective, they are known to harbour species that transmit infectious diseases to vertebrate animals, including humans.
I propose to concentrate the following discussion on topics 1, 3, and 4.
Temporary waters in the global landscape
Exactly how extensive temporary waters are in the global landscape is difficult to assess as few surveys of these habitats, per se, have been made. Fortunately, the global distribution of wetlands is far better known (e.g., Whigham et al. 1993) , and perhaps, can be used as a model to establish the demographics of other temporary water bodies. Such use indicates that these habitats occur on all continents, and in most climatic zones, and, combined, constitute a significant portion of our global freshwater resources (Mitsch and Gosselink 1993) . Despite this, many of the environs that support temporary waters have been, and continue to be, under threat from human activities. Agriculture, urban sprawl, drainage, pollution, deforestation, and many other processes have taken their toll, worldwide. In North America, for example, it is thought that existing wetlands represent only a fraction of those present 200 or more years ago (Sharitz and Batzer 1999) . In Europe, too, temporary ponds were in the past a more common feature of the landscape than today. Although precise numbers are difficult to obtain, the loss of small ponds, in general, from Britain during the period [1984] [1985] [1986] [1987] [1988] [1989] [1990] has been estimated at between 4 and 9% (Duigan and Jones 1997) . Encouragingly, in that country, there currently seems to be some restoration of their numbers as a result of ponds created for wildlife, and by altered farming practices, but most of these are likely to be permanent waters. Only comprehensive conservation programmes will restore temporary waters (Williams et al. 2001) .
The focus of the symposium and this special issue is upon temporary forest ponds/pools in northern temperate forests, but where do these fit into the larger scheme of things? Temporary waters are amazingly diverse in the habitats that they present for colonization. The main types of temporary standing waters to be found in the British Isles -where they have been inventoried in detail, have been subdivided into those of natural origin and those resulting from human activities, and common vs. more rare, or regional types, have been identified (Table 1) . Including lotic temporary waters would swell the list considerably. Faced with such an inventory, it is perhaps little wonder that classification attempts for temporary waters are few and far between. One proposal has been based upon habitat size (micro, meso, and macro; Table 2 ), but this tends to lump habitats that may support quite different communities, for example lowland, floodplain pools and alpine lakes.
Length and intensity of the dry period also have been suggested as criteria for classification, and may be more biologically relevant. Length of the dry phase can be divided simply into seasonal, annual, and greater than annual -but cyclical. Intensity of the drought is important because, for example, two habitats which both remain dry for four months of the year might have different moisture-retaining capacities of their substrates, allowing the survival of significantly different biotas. Climatologists have derived a number of indices for drought that may have useful application to temporary waters. One, widely used example is the Palmer Hydrologic Drought Index, which combines precipitation and temperature values with soil water content data -including outflow and storage measures (Heddinghaus and Sabol 1991) . Some researchers have found significant correlations between this index and temporary water invertebrate population dynamics (Hershey et al. 1999) .
As with all systems of classification, there are bound to be exceptions which do not fit any of the categories. Lake Eyre in southern Australia, for example, only fills with water every half century or so (Mawson 1950) . Can this really be called cyclical? Possibly not if it is outside the life cycle lengths of its inhabitants, although this may not apply to species capable of long diapause. Classifications based on indicator species, or species groups also are not infallible. For example, Klimowicz (1959) attempted to classify small ponds in Poland on the basis of their molluscan faunas. Granted, some snail and bivalve species are very resistant to water loss and may be usefully assigned to different habitat types, however some, such as Musculium partumeium, are known to occur in both temporary and permanent ponds (Way et al. 1980) . Laird (1988) has summarized a number of schemes proposed for categorizing larval mosquito habitats, many of them temporary. Pichler (1939) proposed that water temperature could be used to establish a classification scheme for small water bodies, as follows: (a) puddlesvery small water bodies up to 20 cm deep with the bottom strongly heated by the sun; practically no stratification in the summer, when, daily, the variation may be as much as 25°C; (b) pools -water bodies up to 60 cm deep, consequently less heat reaches the bottom; thermal stratification is upset daily by a turnover and the summer temperature variation may be up to 15°C at the surface and 5°C at the bottom; (c) small ponds -up to 100 cm deep with very little heat reaching the substrate; stratification is more stable but can be upset daily, summer temperature variation up to 10°C at the Table 2 . Classification a of temporary water habitats based on size.
Microhabitats
Axils of plant leaves (e.g., bromeliads); tree holes; rain-filled rockpools; tin cans; broken bottles and other containers; foot prints; tyre tracks; cisterns; empty shells (e.g., molluscs and coconuts) Mesohabitats Temporary streams and ponds; snow-melt pools; monsoon rain pools; floodplain pools; dewponds; wetland pools Macrohabitats Periodically flooded, large old river beds; shallow oxbow lakes, drying lakes, drying lakeshores, alpine lakes; sloughs; turloughs a Adapted from Decksbach (1929) . 
Natural origin
Common types Intermittent and episodic ('seasonal') ponds, lakes; margins of permanent ponds and lakes; floodplain ponds; oxbow ponds; deltaic ponds; tidal wetlands; supralittoral tide pools; peatland pools; forest pools; vernal ponds (filled only in spring); autumnal ponds (summer-dry); rain pools (both in clay soils and crevices in bedrock); pools associated with uprooted trees and land surface undulations; empty snail shells; water-filled hoof-prints; liquid dung
Rarer and/or regional types Ponds associated with glacial activities (e.g., kettle ponds, formed by subsidence resulting from melting of subsurface ice, and moraine ponds, formed in glacially deposited sediments), solution of bedrock, and iron pans; turloughs (water-filled depressions underlain by limestone); plunge pools (formed at the base of dried-up waterfalls); water retained by cup fungi, teasels and mosses; tree holes; water retained in large leaf axils Human origin Quarry pools; pools associated with mining and landscaping; wheel-rut pools; cattle-watering ponds and troughs; pools resulting from peat-digging; waterfowl-decoy channels; fish ponds; ponds associated with ancient rural activities (e.g., dewponds, rainwater-collection ponds, armed/water-distribution ponds, saw-pit ponds, charcoal-burning pits); depressions associated with defence and warfare (e.g., ditches, trenches, moats, bomb craters); rain-filled tyres and plastic sheeting (e.g., silage yards); midden pools; rain barrels; cisterns; ornamental bird baths; pools associated with landfill sites; slurry vats; footprints; water-filled, cattle-trampled depressions (e.g., around gates and feeding areas)
a Information taken from Rackham (1986) and Williams (1987) , where greater description of these various habitats can be found.
surface and 2°C near the bottom. All of these characteristics were based on open ponds, thus shading by emergent vegetation would make an important difference to the scheme. In addition, differences would be expected to occur between temporary ponds/pools and streams, as water in the latter is in motion and may run through shaded and non-shaded reaches. Keeley and Zedler (1998) showed that vascular plants in California could be organized according to average water duration in vernal pools. Those species experiencing little or no inundation were typically annual grasses and forbs characteristic of the surrounding grasslands, whereas those inundated for longer periods were typically those restricted to 'vernal' pools.
There are also many temporary waters that are included within the term 'wetlands'. These transitional areas between terrestrial and aquatic systems are associated with many other names that, over the years, have become either synonymous with wetlands, or regarded as a subset of habitats, such as peatlands, swamps, marshes, bogs, fens, and floodplains. In the United States, the extent of these areas is believed to be around 42 million hectares, and so their significance is considerable (Dahl and Johnson 1991) . However, such has been the subdivision of these habitats that there are now more than 70 categories described in Canada alone (Warner and Rubec 1997) . The terms 'seasonal wetlands' and 'seasonal ponds' also crop up in the literature, generally with reference to habitats in temperate parts of North America and Europe. These have limited use in climate zones that are more typically non-seasonal.
While many of these schemes are helpful, the persistence of other habitat names, such as salt pans, playas, and astatic ponds, together with adoption of regional names, such as claypans, gnammas, and vegetated pans, Australia; vleis, Southern Africa; dayas, North Africa; prairie potholes and tinajas, North America; ramblas, eastern Spain, has created a confusing plethora of terms. Some regional names are clearly still useful in a local context, others are less so. The term 'ephemeral', in particular, has been used loosely, and often interchangeably, with 'intermittent' and 'temporary'. Its derivation from the Greek 'ephemeros' -living but a day -suggests that it should be abandoned as a biological term to describe temporary waters. Hydrologists, however, define ephemeral waters as those having basins or channels that are above the water table at all times (Gordon et al. 1993) . Some (e.g., Comı´n and Williams 1994) have suggested that the term 'temporary waters' itself has become confused as it is sometimes used to refer to 'intermittent' waters (see below); herein it is used to encompass all waters that experience cyclical drought, and also to refer to temporary water bodies in which the precise nature of the hydroperiod is unknown.
Based on the experience of those who have attempted to classify permanent bodies of water, a desirable approach to creating an overarching framework would be to keep any scheme relatively simple and not overly concerned with attempting to account for every single habitat variation. I have proposed a classification into which most temporary waters will fit (Table 3 ). Habitat typing beyond this level can be left to the specifics of individual studies or localities (e.g., temporary vernal pools vs. temporary autumnal pools, which differ in their time of filling; Wiggins et al. 1980 ). The proposal initially assigns a temporary water body to one of the existing global biomes. These are accepted major regional groupings of plants and animals discernible at a global scale. They represent distribution patterns that are strongly correlated with regional climate patterns and are identified according to the climax vegetation type with affiliated characteristics of successional communities, faunas, and soils. Keeley and Zedler (1998) , working on temporary pools in California, have concluded that there is a close association between these specific pools and the Mediterranean climate in general, giving credence to the use of biomes as a classification parameter.
Within these biomes, water bodies are assigned to either intermittent, or episodic categories (sensu Comı´n and Williams 1994) , and within these to macro-, meso-, and microhabitats (sensu Decksbach 1929). As many temporary lentic waters are high in dissolved minerals, a distinction needs to be made between saline and freshwater habitats, and the threshold concentration of 3 g l À1 (ppt) salinity (Williams 1964 ) is a useful one. So, for example, the water-filled leaves of the pitcher plant Nepenthes would be classed as intermittent, freshwater, microhabitats from the Tropical Broadleaf Evergreen Forest; the large, shallow sloughs of the Canadian prairies would be classed as intermittent, saline, macrohabitats from the Temperate Grass-lands; unpredictably flowing, headwater streams in arid regions would be classed as episodic, freshwater, mesohabitats from the Desert Scrub; unpredictable rainwater pools in east Africa would be classed as episodic, freshwater, mesohabitats from the Tropical Savanna; and rainfilled tires would be classed as episodic, freshwater, microhabitats from which ever biome they were located in. Irregularly occurring, meltwater rivulets arising in the Antarctic (see Vincent and Howard-Williams 1986) , high Arctic, and perhaps glacial margins in high alpine regions should also be included here, would necessitate the addition of another 'biome', resulting in episodic, freshwater, mesohabitats from the Icefield zone. Of course, once formal description has been assigned to a particular water body, for example, in the 'habitat' section of a publication, it could thereafter be shortened for stylistic convenience (e.g., intermittent saline stream; episodic rainwater pool).
A lesson learned very early on by limnologists was that it is not easy to assign water bodies within strict classification schemes. Pearsall (1921) demonstrated that lakes in the English Lake District fell into a continuum of habitats. Although he was able to assign lakes at the extreme ends of this range to 'oligotrophic' and 'eutrophic' types, overall he found it difficult to establish logical boundaries in between. The classification scheme for temporary waters outlined above should therefore be viewed only as a reference framework within which there are likely to be many continua. According to this classification scheme, the papers in this special issue are dealing with intermittent, freshwater mesohabitats from the Temperate, Broadleaf Deciduous Forest. Once thus precisely defined, they can thereafter be referred to as intermittent forest ponds.
Significance to biology
Blaustein and Schwartz (2001) outlined four reasons for the scientific study of, specifically, temporary pools, but which well encompass other temporary water types:
(1) temporary waters can contribute to our general understanding of 'ephemerality', especially as it relates to life histories, population dynamics, and community organization;
(2) these habitats represent convenient systems in which to study ecological concepts, particularly as they are amenable to manipulation experiments, and their abundance allows easy replication; (3) temporary waters may harbour vectors of disease-causing organisms that afflict mankind; and (4) temporary waters contain many species important to global biodiversity.
To these may be added: (5) that, in a biogeographical context, there is evidence to suggest that temporary ponds may have acted as postglacial dispersal routes for crustacean and possibly other species possessing dormant stages capable of 'island-hopping' from glacial refugia (Stemberger 1995) ; (6) in an evolutionary context, there has been exploration of the idea that life may have evolved a 'Intermittent' refers to water bodies that contain water or are dry at more or less predictable times in a cycle. b The boundary between saline and freshwater is considered to be 3 g l À1 (ppt); after Williams (1964) . c 'Episodic' refers to water bodies that only contain water more or less unpredictably, and tend to be confined to arid regions; after Comı´n and Williams (1994) .
on earth more than once, and that an alternative origin to the oceans may have been in ponds that dried out periodically (Hinton 1968 ). In such ponds, chemicals in solution would have been progressively concentrated to a state that enabled the maintenance of protoplasmic systems (Hinton 1968) . Further, Williams (1988) has suggested that there is an alternative explanation to the hypothesis that the biota of permanent, standing fresh waters came from marine ancestors via the terrestrial environment, rivers or estuaries. The accepted hypothesis relegates the biota of temporary fresh waters to a subset of the 'permanent' biota that developed adaptations to resist desiccation and good powers of dispersal (Wiggins et al. 1980) . The alternative viewpoint considers most permanent lakes to be geologically ephemeral, few are older than 20,000 years, and regards temporary water bodies as being very ancient, not as individuals but as a habitat type. Williams (1988) cited Lake George, a temporary freshwater lake near Canberra, Australia, as being 10 million years old. He hypothesized that from rivers and the terrestrial environment, a large contingent of the biota first colonized temporary fresh waters, perhaps temporary floodplain pools, and that a subset of this flora and fauna developed, or regained, the ability to withstand permanent inundation and hence were subsequently able to establish themselves in permanent lakes. Under such a scenario, Williams (1988) stated that one would expect to see some of the following properties: the more evolutionary ancient groups of the biota should occur in temporary waters; much of the biota living in permanent waters should retain effective dispersal mechanisms -to counter the geological ephemerality of their habitats and as a reflection of their lineage; many of the 'active migrants' of the permanent lentic biota should persist in lotic habitats, or have close relatives which do; and overall species richness in temporary waters should be greater than in permanent fresh waters. Evidence from the literature provides some support for each of these properties (Tasch 1969; Elgmork 1980; Fernando 1980; Schram 1986; Lake et al. 1988; Fernando and Holcı´k 1989) . (7) with increasing interest in land-water ecotones, the margins of temporary ponds and streams have the potential to be important sites for modelling hydrological processes, nutrient transport and transformation, and the role played by the biota (Bradley and Brown 1997; Giudicelli and Bournard 1997); and (8) there is now evidence to indicate that variations in the physical environment of inland waters impact both molecular and morphological evolution by changing mutation rates and by exposing, through genotype-environment interactions, other-wise cryptic variation. Extreme environments tend to accelerate morphological change, promoting diversification (Hebert 1999) . Temporary waters may be important sites of such altered rates of molecular evolution and, therefore, worth further study.
Habitats for disease vectors
Unfortunately, temporary waters also have deleterious aspects. Many temporary waters, especially in the tropics, are the breeding places for the vectors of disease organisms. For example, tree holes are the ancestral habitat of Aedes aegypti, the yellow fever mosquito that now breeds in many man-made water containers, such as discarded tin cans and tyres. Such diseases are not, however, restricted to the tropics and, presently, the inhabitants of some temperate regions are being increasingly affected by, for example, the West Nile virus. In North America, mosquitoes are the chief vectors of this disease, with Culex pipiens, Cx. restuans and Cx. tarsalis topping the list in terms of the greatest number of populations infected (Turell et al. 2001 ). The first two species breed mostly in urban and rural habitats, such as storm sewer catch basins, waste lagoons, and other eutrophic or organically polluted waters, whereas Cx. tarsalis breeds in containers plus a variety of natural habitats. However, there are a number of other mosquitoes (Aedes vexans, Ae. (Ochlerotatus) canadensis, Ae. (Oc.) triseriatus, and Cx. salinarius) that carry the disease but which live in cleaner temporary waters, including forest ponds, or associated habitats, such as tree holes, riparian pools, and wetland margins (Table 4) . Further, these, together with other forest species (e.g., Ae. (Oc.) communis and Ae. (Oc.) stimulans) are known to spread other diseases to humans, including both Eastern and Western Equine Encephalomyelitis, and the La Crosse, Jamestown Canyon, and St. Louis Encephalitis viruses.
The presence of suitable vector species, existence of a pool of infectious individuals, and the availability of suitable local aquatic habitats for the vectors are all factors in the equation of the spread of such diseases. At present, however, there appears to be a relatively low risk of disease from forest pool species, compared with mosquitoes living in other habitats, such as containers and permanent/semi-permanent habitats. Nevertheless, the increasing trend of global warming may well escalate the role of forest populations -perhaps through creation of more, and warmer, intermittent ponds. Intensified scientific study of vector populations in temporary waters is required before informed control measured can be applied.
Community characteristics and the pond environment
The global temporary water biota is best known in terms of its higher plants and metazoansalthough current studies are beginning to catalogue and understand the roles of bacteria, protoctists, and even fungi. However, it is the insects and crustaceans that dominate the fauna. The latter are well represented by micro-and macroforms from the following major taxonomic groups: Branchiopoda, Ostracoda, Copepoda, Decapoda, Peracarida, and many rare species are present. Among the insects, it is the Hemiptera, Coleoptera, Trichoptera, and Diptera, especially the Chironomidae, Culicidae, and Ceratopogonidae, that are best represented. Aquatic mites (Hydracarina) are also common. Although typically absent from standing temporary waters, several fish species migrate in and out of temporary streams, rivers and floodplains (Welcomme 1979) . Several types of amphibian, some of them very rare, live in temporary waters, and the latter also provide important feeding areas for migratory birds (Poiani and Johnson 1991) . Tropical waters are more likely to have reptiles and mammals associated with them.
The faunal composition of temperate forest ponds can be illustrated by reference to Sunfish Pond, Ontario, which is fairly typical of an intermittent vernal pond in northeastern North America. The vernal sub-categorization was established by Wiggins (1973) , and indicates a pond that derives its water primarily from rain and melting snow in early spring, and which becomes dry in early summer, leaving a water-free basin for 8-9 consecutive months of the year, including winter. Ponds that retain water in the autumn, winter and spring, and only become dry for 3-4 months in the summer, have been termed intermittent autumnal ponds. Ninety-eight taxa have been identified from Sunfish Pond (Williams 1987) . When examples of these species are arranged, not by taxonomic groups, but according to their seasonal occurrence in the pond, a succession is evident (Figure 1) . At first glance, the pattern seems fairly continuous, but it can be divided into several distinct faunal groups.
Group 1 contains animals that could be found during virtually the entire aquatic phase of the pond. During the dry phase, they could be dug up from the substrate as semi-torpid adults or immature stages. If placed in water, they revived within minutes. Included in this group were all of the bivalves (Sphaerium and Pisidium), snails (Lymnaea and Gyraulus), and oligochaete worms (Lumbriculus, Nais, and Enchytraeidae), two species of the beetle genus Hydroporus, a copepod (Acanthocyclops bicuspidatus thomasi), and a very abundant chironomid (Einfeldia). Group 2 comprises taxa present as active forms within a few days of the pond filling in the spring. These species mostly completed their life cycles within 4-6 weeks and disappeared well before (4-6 weeks) the pond dried up by entering a resting stage -usually as eggs or dormant/diapausing immatures -or by leaving the pond as emerged adults. This, the largest, group contained most of the microcrustaceans (ostracods, cladocerans, harpacticoids), a fairy shrimp (Chirocephalopsis bundyi), mites (Thyas, Euthyas, Hydrachna, Hydryphantes, and Piona), mosquitoes (Aedes sticticus), cased caddisflies (Limnephilus and Ironoquia), bugs (Gerris, Sigara, and Notonecta), some chironomids (Trissocladius, Eukiefferiella, Phaenopsectra, Parachironomus, and Polypedilum), beetles (Agabus, Anacaena, Cyphon, and Neoscutopterus), and a dragonfly (Libellula).
Group 3 contains taxa which appeared 2 to 5 weeks after pond formation in the spring. Taxa present included Lynceus (a conchostracan), a damselfly (Lestes), chironomids (Micropsectra, Corynoneura, Ablabesmyia, and Psectrotanypus), and beetles (Dytiscus, Rhantus, Acilius, Berosus, Helophorus grandis, Hydrochara, and Helodidae). Some of the latter appeared only as adults in search of food and did not breed in this particular pond. Life cycles of species in Group 3 were typically completed in 5 weeks.
Group 4 taxa appeared 2-3 weeks before the pond dried up, or approximately 10 weeks after filling. The taxa included beetles (Gyrinus, Laccophilus, Hydaticus, Hydrovatus, Helophorus orientalis, Haliplus, and Georyssidae), mayflies (Cloeon and Stenonema), and chironomids (Cricotopus).
Group 5 taxa appeared only in the dry phase. They were primarily terrestrial or riparian species and include isopods (Oniscus), millipedes, centipedes, spiders (e.g., Lycosidae), and beetles (Staphylinidae, Ptiliidae, Heteroceridae, Noteridae, and Curculionidae), together with slugs (Limax).
What kinds of environmental forces have acted to produce this type of community? As was pointed out earlier (Hebert 1999) , there are indications that variations in the abiotic environments of inland waters strongly influence molecular and morphological evolution by altering mutation rates and exposing cryptic variation. Extreme environments, such as temporary waters, are likely to be particularly influential, and have been hypothesized as foci of biological diversification. Major parameters in the physical and chemical environment of an intermittent pond, such as Sunfish, are summarized (Figure 2) .
Of fundamental importance to the existence of any body of water is the result of the balance between water gain and loss. For a permanent pond, water input at least equals water loss. There are several sources of input (e.g., surface runoff, groundwater flow, precipitation, etc.) and several forms of output (e.g., absorption by the surrounding substrate, evaporation, uptake by plant roots, etc.), the magnitudes of which vary in space and time causing water levels to fluctuate. Water bodies in which input and output rates are highly variable are frequently temporary.
The exact length of the aquatic phase (i.e., the hydroperiod) varies according to both geographic location and local hydrological conditions, and is also related to water depth and surface area. A water body such as Sunfish Pond receives most of its water in spring, from snowmelt. At this time, loss to surrounding soil is negligible as the pond margins are either saturated or still frozen. Evaporation is also small because of diminished solar radiation. As time passes, solar radiation intensifies, air and water temperatures rise, and evaporation increases. Simultaneously, the groundwater table drops and the water level in the pond decreases. Eventually, by mid-summer, the pond becomes dry. Occasionally, very heavy summer rainfall may cause the pond to fill temporarily, for a few days, but usually the pond remains dry until the following spring. In years with low snowfall or an early, warm spring, the hydroperiod may be shortened. Conversely, in years with high snowfall or a late, cold spring, it will be extended.
How does hydroperiod influence the community? In a comparison of crustacean diversity and hydroperiod in standing waters in North America (Table 5) , Williams (2002) concluded that: (1) maximum taxon richness occurred in habitats with a hydroperiod of between 150 and 250 days; (2) some additional taxa occurred in habitats with hydroperiods of between 70 and 150 days, but no additions (to the genus level) occurred in habitats wet for less than 70 days; and (3) richness of the three, classic, large temporary water branchiopod groups (Anostraca, Notostraca and Conchostraca) fell dramatically in habitats containing water for more than 250 days per year. Schneider (1999) concluded that the invertebrate communities of short hydroperiod, snowmelt ponds in Wisconsin, were structured primarily by species adaptations to the threat of drying (i.e., to abiotic factors). On the other hand, the communities in ponds with longer hydroperiods were structured more by biotic interactions, particularly predation and competition. Decreasing water volume in tree hole habitats has been shown to induce metamorphosis at smaller sizes in females of the mosquito Aedes triseriatus, indicating that larvae can detect changes in the hydroperiod and take appropriate steps to escape a deteriorating environment (Juliano and Stoffregen 1994) . As to the mechanism involved, a laboratory simulation experiment using the frog Rana temporaria, demonstrated that tadpoles were able to respond to pond drying by speeding up their development through behavioural mediation, irrespective of any change in water temperature (Laurila and Kujasalo 1999) .
Temperature is a very important environmental variable, and not just seasonally -as it also fluctuates on a daily, or even hourly, basis. Because temporary waters are typically shallow, they are highly susceptible to rapid heating from solar radiation and cooling at night and also from wind. Temperature inversions, together with kinetic energy transfer from wind blowing over the water surface, set the water column in motion, which in turn stirs up bottom materials. The annual temperature regime of Sunfish Pond, Ontario shows an increase from a post-snowmelt value of around 8°C to a maximum of 27°C in mid-summer. There is little evidence of stratification in this clear-water pond, with surface water only ever being a degree or two warmer than that near the bed. Some shallow water bodies experience a daily temperature turnover similar to that seen annually in permanent lakes (Eriksen 1966) . The biological consequences of such massive, short-term temperature changes are poorly understood. To take an extreme example, the surface water of shallow ponds in temperate regions may, on occasion, approach 40°C in mid-afternoon in summer. This is very near the thermal death point of most insects. Young and Zimmerman (1956) found many aquatic beetles active in such ponds in Florida, even though the predominant aquatic vegetation (Chara spp.) was dead. Typically however, these insects do not stay near the water surface, but congregate under debris or burrow in the bottom mud. They return to the surface at night and in the early morning, to forage, when the water is cooler. Among dytiscid beetles, species composition is known to change as pond temperatures rise (Nilsson and Svensson 1994) . Eisenberg et al. (1995) have suggested that populations of the mosquito Culex tarsalis, from different ponds in southern California, have evolved separately to maximize survival in their respective temperature regimes by adapting to different optimal larval survival temperatures and egg-development rates.
Turbidity is a variable closely linked with temperature; for example, a section of a pond with low turbidity absorbs significantly more heat close to the bed, especially if the latter is darkly coloured, than a more turbid section. Whereas low turbidity leads to a more uniform temperature with depth, high turbidity leads to greater absorbance of heat at the surface.
Dissolved oxygen in temporary waters may fluctuate diurnally as a result of photosynthesis and respiration. Whitney (1942) found this oxygen pulse to be at a maximum just after dark, when the day's photosynthesis had ended, but thereafter it fell gradually due to overnight respiration. He concluded that, in many cases, absorption of oxygen from the air was of relatively minor importance, as often absorption values were far below the air saturation value for a particular temperature. Further, the oxygen content of the water frequently changed during a period when a uniform temperature prevailed. Schneller (1955) found that during the low flow stages of Salt Creek, Indiana, large quantities of decaying leaf matter were sufficient to cause an oxygen depletion combined with an increase in free carbon dioxide from the activities of decomposers.
Cerny (cited in Vaas and Sachlan 1955) found that in some small ponds in Europe, the amount of daily photosynthesis could completely exhaust all of the available carbon dioxide. pH may rise as a Table 5 . Number of crustacean genera found in North American temporary waters in relation to length of the hydroperiod (based on data in Batzer et al. 1999 result of this depletion -although the magnitude of pH change would depend not only on the intensity of the photosynthesis, but also on the degree of buffering available, for example, from surrounding alkaline soils. In various temporary waters, oxygen levels are also known to become depleted rapidly soon after inundation, as basin sediments and soils become flooded. Renewed microbial activity removes the oxygen, creating a reduced redox state in the bed (Sposito 1989) . The concentrations of dissolved substances in temporary waters vary more than in most permanent waters. This is due largely, to three physical processes to which temporary waters are subjected: drying out, refilling, and freezing. Taking Sunfish Pond as an example, from the time that it fills in early spring, to just before it dries up, the conductivity of the water typically increases four-fold (Williams 1983 ). This concentration of chemical ions is due primarily to evaporation. Recent work on the ciliates of a salt pan in Spain has provided some information on how species composition is influenced by chemical variability (Esteban et al. 2002) . At its normal concentration of 8.1% sodium chloride ($2.5 times that of sea water), the Spanish pan water contained only 7 species. However, upon dilution with filtered fresh water in the laboratory, more species began to appear from cysts, ultimately producing a total of 34 species. Species appearance was clearly controlled by water chemistry rather than by habitat accessibility.
When temporary waters first fill after the dry phase, the water is likely to have a chemical signature that changes soon thereafter -although this has not been well studied. McLachlan et al. (1972) recorded the events as Lake Chilwa, a shallow, saline lake in central Africa, filled after having been virtually dry for over a year. Refilling took 5 months during which there was a rapid dilution of initially high levels of dissolved salts, and a high suspended-sediment load resulting from erosion of the lake bottom. This turbidity gradually decreased over a further 2-year period. Increased turbidity is often evident also during the spring thaw of intermittent ponds and streams in temperate regions. Initial nutrient release from the mineralization of dead tissues accumulated during the dry phase takes place largely at the sediment surface. Thus, at first and where light levels are suitable, near-bottom-dwelling autotrophs are likely to be favoured, especially green and blue-green algae. In intermittent ponds, this may be followed, as nutrients circulate into the water column, by an increase in phytoplankton which may accelerate into blooms that, in eutrophic waters, may compromise subsequent periphyton production through reduced light penetration (Bro¨nmark and Hanson 1998) . Light penetration that may inhibit feeding in some invertebrates, may also be affected by the release of tannins from leaves that have accumulated on the bed, especially in the autumn in temperate regions (Cameron and LaPoint 1978) .
Concentration of chemicals in temporary waters may occur also as the result of freezing. Daborn and Clifford (1974) , in a study of a shallow 'aestival' pond in western Canada, found that, as the winter ice cover thickened and the volume of the pond decreased, there was a rapid rise in conductivity, alkalinity, water hardness (calcium and magnesium ions), sulphate, and orthophosphate. They found this cryogenic 'salting out' to be a consequence of the stable and selective nature of ice crystals -only a few chemical elements or compounds have an appropriate configuration that allows them to become incorporated into the crystal structure of ice. They further observed that the quantity of dissolved and particulate matter in the top layer of ice influenced the pattern of ice break up in the spring -primarily through control of the penetration of sunlight.
The chemical composition of temporary waters may also be influenced by rainwater. Paradise and Dunson (1998) monitored tree holes in three regions of Pennsylvania subject to high, but different inputs of hydrogen and sulphate ions. Although no regional trends were detected, tree hole insect densities and species richness were related to water volume, the concentrations of sulphate and sodium ions, and to dissolved organic carbon. More complex chemicals are known to influence the behaviour of temporary water inhabitants. For example, oviposition by the mosquitoes Aedes aegypti and Ae. albopictus has been shown to be significantly higher when females were exposed to water in which larvae had been previously reared (Allan and Kline 1998) . Also, the percentage of Anopheles diluvialis eggs hatching was largest in infusions made from intermittently flooded swamp soil, and in hexane-extracts of swamp water, suggesting that the hatching factor is a chemically stable organic compound (Jensen et al. 1999 ).
Properties of the pond bed and margins
In addition to the various physicochemical parameters discussed above, there are properties of the pond bed and riparian margins that are likely to influence the community. These deserve special consideration in intermittent ponds, as, being typically small and shallow, the ratios of both bed area and margin length to water volume are high. Of course, we should not lose sight of the fact that many intermittent ponds represent the later stages of a sere, the climax of which is terrestrial. In a study of plant succession in intermittent ponds in Oregon, USA, Lippert and Jameson (1964) found that the species present were characteristically those found in wet places, for example, the cat-tail (Typha latifolia) and the spike rush (Eleocharis palustris). In northern Germany, Caspers and Heckman (1981) found T. latifolia and the grass Glycera maxima in large numbers in Stage 5 (the final stage) of their rural ditches. In this locality, these latter two species are eventually responsible for the total disappearance (terrestrialization) of the aquatic habitat.
The size and type of pond bed substrate particles are likely to exert influences ranging from suitability as attachment sites during the wet phase to protection from desiccation during drought (Boulton 1989) . As an example of the latter, Tabacchi et al. (1993) have demonstrated that nymphs of the mayfly Thraulus bellus seek out the water-filled substrate interstices of intermittent floodplain ponds as a refuge from fluctuating water levels. They also suggested that this behaviour may prevent overlap with populations of two other mayfly species, Caenis horaria, which lives in silt, and Cloeon gr. simile, which lives amongst macrophytes. Substrate composition also may be important to species survival. For example, the organic cases of larvae of the caddisfly Limnephilus coenosus proved to be better at holding water, and hence reducing mortality, in drying pools than the mineral cases of L. vittatus (Zamoramunoz and Svensson 1996) .
Various physical and chemical properties of pond soils are known to control the manner in which water drains from and returns to the basin (Weitkamp et al. 1996) . Although the presence of a wetted substrate both prior to and at the end of the true hydroperiod would seem beneficial to the survival of early and late colonizers, little empirical evidence is available to support this. There is evidence, however, that soil type in flooded meadows influences microbial activity. Alternate flooding and draining has been shown to enhance nitrogen removal through stimulation of both nitrification and denitrification (Busnardo et al. 1992) , with sandy soil removing more nitrogen than peaty soil. Infiltrating water may increase leakage of dissolved forms of both organic and inorganic nitrogen from the soil. Further, this water will also bring electron acceptors (e.g., nitrate-N and dissolved oxygen) into the soil to promote mineralization (Davidsson and Leonardson 1998) .
Apart from the role of microbes, there is a huge gap in our knowledge of other biological processes that must be presumed to take place in the wetted phases of temporary water basins. It is known that, in soils in general, besides bacteria, protoctists, and fungi, a number of metazoan groups are crucial to organic matter processing, particularly nematodes, earthworms, and arthropods. Among the latter, millipedes, insects, and a huge diversity of mites shred dead plant material, which begins the cycling of carbon, nitrogen and other nutrients by making available a large surface area for microorganism colonization. These biological communities tend to be concentrated in the top several centimetres of substrate and around growing plant roots -as the rhizosphere attracts bacteria to sloughed-off plant cells and plant-released sugars and proteins. The margins of intermittent ponds are very susceptible to invasion by terrestrial plants, the roots of which proliferate through the basin substrate.
Fungi are common decomposers of plant debris and, unlike bacteria, can transport, via their spreading hyphae, nitrogen from the underlying soil to the litter layer (Tugel and Lewandowski 1999) . Fungi are also important, as they are often the only organisms able to secrete enzymes capable of degrading complex compounds. Although nutrient release, that can be used both during the wetted phases by terrestrial plants and by aquatic species when the water returns, is an important process, so also is the production of humus. Humus, or humidified organic matter, is what remains because it is not readily decomposed; it may be chemically too complex to be used by soil organisms, or it may be physically protected inside aggregates. Nevertheless, it is important in binding tiny soil aggregates, and plays an essential role in improving the water and nutrient holding capacities of the substrate. Different soil types support different proportions of litter-processing taxa (Tugel and Lewandowski 1999), which may well influence the organic matter breakdown rates and efficiencies in different temporary water basins, and hence perhaps the community composition and productivity of the aquatic phase.
Few studies have comprehensively examined the links between forest pond properties and communities, and the influence of the surrounding treesin particular the qualitative and quantitative role of leaf-litter input -although plant biomass is known to lie at the base of most intermittent pond food webs. Shoreline vegetation is also likely to have an influence on autochthonous production through its degree of shading, and there are indications that this may also affect the structure of the invertebrate communities (J. Herrmann, pers. comm.). Further, detection of photoperiod is crucial to the survival of many temporary water species, as it provides essential cues that regulate the timing of life cycles, emergence from, and entry into, diapause, flight periodicities, and colonization dynamics. Tree density/canopy closure may also exert a controlling influence on pond community structure through a possible filtering effect on colonizing species, especially flying insects. Nilsson and Svensson (1995) found that pools in clearings were colonized faster than pools in forest. The most abundant species of beetle and mosquito tended to be abundant in both pond types, however, five beetle species that were absent from the clearing pools are known to be typical inhabitants of northern boreal forests.
When a winter-frozen, intermittent pond begins to fill in the spring ('vernal' pond), degradation of both autochthonous (basin grasses and weeds) and allochthonous (riparian trees) leaf litter begins; in the case of 'autumnal' ponds, this process may have begun, briefly, before winter. Ba¨rlocher et al. (1978) have measured an average of 132.8 g m
À2
of leaf litter (ash-free dry weight) entering Ontario pond basins during autumn. Although not a great deal is known of the degradation process in intermittent ponds, per se, studies of flooded riparian forests can be used as models. For example, Merritt and Lawson (1992) evaluated the role of invertebrates in the degradation of leaf litter in a Michigan forest floodplain primarily composed of black ash (Fraxinus nigra), basswood (Tilia Americana), dogwood (Cornus spp.), and black cherry (Prunus serotina). Despite there being a taxonomic difference in the decomposer groups present on the floodplain and in the river, their functional roles as leaf-litter detritivores were fundamentally the same. However, there was an important temporal difference, in that invertebrate processing of leaf litter in the river took place in the autumn and winter, whereas processing on the floodplain occurred during spring. Amongst the floodplain litter-processing community, earthworms alone were capable of processing up to 95% of the total annual leaf fall, but other significant degraders included dipteran larvae, chiefly Tipulidae, enchytraeid worms, millipedes, snails, and isopods (Knollenberg et al. 1985; Merritt and Lawson 1992) . By exposing leaves in bags with different mesh sizes, and thus excluding specific taxon groups, Merritt and Lawson (1992) were able to demonstrate that microarthropods, such as mites and springtails, contributed less to leaf breakdown on forest floodplains than has been reported elsewhere (e.g., Harding and Studdard 1974) . These authors also identified various abiotic and biotic factors in the floodplain environment that influence litter processing (Figure 3) , and emphasized the importance of leaf 'conditioning' (see below).
Initially, autumn-shed leaves that have accumulated in the pond basin are subject to physical fragmentation via wet-dry rain cycles, winter freeze-thaw cycles, and wind. Moisture levels and ambient temperature and oxygen levels are important as the basin begins to fill with water, and microbes and fungi colonize and begin to degrade the leaf pieces. At this stage, soluble organic compounds (e.g., sugars, polyphenols, and amino acids) are leached into the surrounding water (Suberkropp and Klug 1976) . Leaf chemical composition is important in controlling the rate of these various processes, as some species (e.g., oak) are more resistant to conditioning than others (e.g., maple) (Kaushik and Hynes 1968) . Release of leachates into the water column, together with other nutrients released by fungal and bacterial activity, contribute to an increase in benthic and planktonic algae, which in turn promote the development of zooplankton populations. Leaf conditioning directly stimulates the growth of benthic invertebrate species, as aquatic hyphomycetes are know to be an important food source for many benthic invertebrates -indeed they are fundamental to the base of lotic food webs (Kaushik and Hynes 1971) . It is likely that they are also important contributors to nutrient release and dynamics in intermittent ponds, and are, at least initially, more important in conditioning leaves than bacteria, likely because fungi are better at digesting cellulose and lignin (Bird and Kaushik 1981) . Hyphomycete fungi are also rich in certain polyunsaturated lipids that have been shown to act as feeding stimulants, making leaves palatable to leaf litter-feeding aquatic insects (Cargill et al. 1985) .
In a study of an intermittent vernal pond in southern Ontario, Ba¨rlocher et al. (1978) found the fungal flora on bottom detritus to be very different from that found in nearby permanent ponds. Terrestrial fungi predominated during the waterless period and a seasonal succession was evident. In running waters, fungi condition decomposing leaves by actually adding protein to the leaf matrix (Ba¨rlocher 1985) . Detritivorous insects, when given a choice, select conditioned leaves over those that are fresh, because of their enhanced nutritional value. Suberkropp and Klug (1980) examined the mechanisms used by fungi to degrade riparian leaves by initially isolating five species of aquatic hyphomycete and growing them in pure culture with hickory leaves. Enzymatic activity of each fungal species resulted in the skeletonization of leaves via the maceration of the leaf matrix and the subsequent release of leaf cells as fine particulate organic matter (FPOM). Further, all fungal species metabolized (degraded) cellulose, and the release of FPOM coincided with increases in fungal biomass. Aquatic insects, in particular, show a positive selection for such conditioned food. Bacteria also can condition detrital material, but evidence suggests that fungi may be more effective in enhancing its nutritional value. For example, when Mackay and Kalff (1973) presented leaf discs, chiefly sugar maple (Acer saccharum) and beech (Fagus grandifolia), from fungal and bacterial cultures to the caddisflies Pycnopsyche gentilis and P. luculenta, the fungal discs were preferred. As invertebrates consume and process leaf fragments, they manufacture FPOM (crumbs) and fecal pellets that are cycled back into the food web for consumption by others -frequently after recolonization by fungi and bacteria. In addition, whole leaves and fragments serve as microhabitats for pond inhabitants (e.g., as a physical substrate for microorganisms, and as shelter and attachment sites for invertebrates).
Having explored the ways in which the surrounding trees may influence forest ponds, it is appropriate to examine the reverse. In a review of the adaptations of plants to flooding stress, Blom (1999) emphasized that, for forests, zonation is largely determined by local hydrology. For example, successful establishment of softwood species, such as those belonging to the Salicaceae (willows, etc.), on river banks, depends on the interaction between water levels and the timing of seed dispersal -they are well adapted to irregular, high, and prolonged inundation. In contrast, hardwoods, such as those belonging to the genera Quercus (oaks), Fraxinus (ash), Ulmus (elms), and Acer (maples), are flood-sensitive, are found higher on the floodplain, and have heavy seeds that germinate in shade. The most shade-tolerant hardwoods are the least well adapted to inundation. These properties will influence which species are likely to have their roots in and around temporary water bodies, and hence the quantity and quality of allochthonous leaf litter that will fall into the basin and upon which the aquatic food web will, in part, be based. Further, inundation-tolerant species survive as a result of having aerenchymatous roots (i.e., roots with a porous internal structure that enhances the movement of oxygen) together with shoot parts that elongate upon submergence. Most importantly, as a result of high porosity in the roots of inundation-tolerant species, radial oxygen loss greatly influences nitrification and denitrification processes in the flooded basin soil. Root-derived oxygen thus has the capacity to restore nutrient cycles and 'detoxify' the oxygenated rhizosphere.
Forestry practices may also affect wetland function. In managed forests, the stage in forest cycles, has been shown to influence low flow conditions in streams, and may also affect conditions in standing waters. For example, pre-planting drainage may increase the incidence of low flow events in streams if more than 25% of the watershed is drained. In contrast, forest growth decreases low flow levels in all but the driest years. Clearfelling increases low flows initially, but this may be followed by a gradual decrease in low-flow events, depending on the rate of vegetation regrowth (Johnson 1998) . As water bodies dry up, the degree of retreat of the groundwater table can have a profound effect on the structure of riparian plant communities. For example, in the San Pedro River floodplain, Arizona, Stromberg et al. (1996) observed that as the depth to groundwater ranged from 0 to 4 m, their wetland indicator score, an index based on cover of plants within wetland indicator groups and frequency of indicator species, changed sharply. In particular, the abundance of obligate wetland herbs declined significantly at groundwater depths below 25 cm. Other impacts of retreating groundwater included reduced establishment of Populus fremontii-Salix gooddingii (cottonwood-black willow) forests, and reduced cover of herbaceous species associated with finetextured soils and the shady conditions of floodplain terraces.
Forestry practices may also influence the structure of temporary water communities through alteration of shading. For example, forest ponds are heavily shaded, have little emergent vegetation, and receive much of their energy input from fallen tree leaves -the communities that have evolved under these conditions are thus largely detritusbased. Timber harvesting removes this cover, opens the ponds to sunlight, reduces allochthonous energy input, and promotes a shift to alga/ herbivore-based communities. Blaustein et al. (1999) found a number of differences in the faunas of intermittent ponds on heavily forested, northfacing slopes (NFS) versus those on savanna-like, open park forested, south-facing slopes (SFS). Notably, development of tadpoles (Hyla savignyi) in the SFS ponds was significantly faster, than the longer hydroperiod NFS ponds, although size at metamorphosis was greater in the latter. In addition, insect species richness was greater in the NFS ponds, as was oviposition by species such as Culex pipiens.
Conservation
The cyclical nature of the intermittent forest pond environment creates a habitat that is quite distinct from that found in permanent ponds and lakes. It is distinctive enough to support a fauna that contains elements that either are not found in any other habitat types, or that have their greatest populations in these ponds. In terms of contrib-uting to a region's overall invertebrate biodiversity, therefore, intermittent ponds/pools are of considerable importance. This importance may be manifest also by maximizing the gene pool of species that occur in both intermittent and permanent waters. For example, species that have populations in both types of pond might be expected, because of increased fitness demands, to have greater genetic diversity than species inhabiting only permanent ponds. Increased diversity may be crucial to the survival of some species faced with possible future changes to global environments, such as may result from global warming (Hogg and Williams 1996) . The consequences of decreased genetic diversity include the extinction of locally adapted populations with possible loss of alleles from a species' gene pool -this, in turn, may further reduce the species' ability to track future environmental change. In the global warming scenario, it is forecast that the impact will be most severe in northern latitudes (Hengeveld 1990) . As genetic diversity is often lowest at the edges of a species' range, especially in northern latitudes (Sweeney et al. 1992) , temperate forest populations will be most likely to experience the greatest environmental change in the next few decades, yet they may be among the least able to adapt. These potential consequences led Hogg et al. (1995) to urge aquatic biologists and conservationists to consider the evolutionary as well as the ecological consequences of habitat alteration. Once genetic diversity has been lost for a given species it may not easily be regained, even if pristine environmental conditions are restored.
As pointed out earlier, many intermittent ponds and pools represent stages in the hydroseral succession of wetlands to more terrestrial habitats. This results from an excess production and accumulation of organic, largely plant matter, faster than it can be degraded. At a certain point in this transition, previously permanent ponds contain water for only part of the year (i.e., they become intermittent) and eventually only on an irregular basis (i.e., they become episodic). The process is entirely natural, and as the water regime changes so do both the aquatic/emergent vegetation and the fauna (see Wrubleski 1987) . Unfortunately, in many rural areas, the increased pressure of agriculture often leads to large-scale land drainage in an attempt to bring so-called 'marginal' wetlands into cultivation. To do this, below-ground tile systems are installed with the expressed purpose of lowering the local groundwater table. Such practices destroy intermittent ponds and their associated biotas quickly and permanently, and should be discouraged. In Britain, lowering of water tables under the guise of land improvement is believed to have resulted in the extinction and nearextinction of two damselflies, Coenagrion armatum and Lestes dryas, respectively (Moore 1976; . Moreover, the effects may extend to non-aquatic invertebrates that require wetland habitats. For example, drainage of fenlands has been cited as the reason for the loss of the Large Copper butterfly (Lycaena d. dispar), and the dramatic reduction in Mole cricket (Gryllotalpa gryllotalpa) populations in England (Duffy 1968; Wells et al. 1983 ). In the southeastern US, 40-50% of the formerly rich (>1000 species) freshwater molluscan fauna has been driven to extinction, or made endangered, as a direct result of drainage alteration (Stanberry 1971) . The magnitude of the latter loss in biodiversity has subsequently resulted in several conservation measures including: identification of endangered species and establishment of recovery programmes; development of methods for creating new habitat or relocating species; and the declaration of sanctuaries (Clarke 1981) . However, acceptance of the hydroseral succession and the natural loss of temporary water basins should be central to any conservation strategy. Thus, to keep a balance, managers may wish to create new ponds at a younger hydroseral stage -especially where natural replenishment is prevented due to adverse land practices. This would ensure a supply of ponds representative of all stages in the succession, together with the survival of those taxa and communities that specialize in each stage/habitat type (Figure 4 ). This includes inhabitants of ponds in their last throes of existence that may support semi-terrestrial forms like sepsid, sphaerocerid, some ceratopogonid (e.g., Dasyhelea, Culicoides, Stilobezzia), and chironomid (e.g., Georthocladius, Gymnometriocnemus, Pseudosmittia, Lapposmittia, Limnophyes, Paraphaenocladius, Smittia) dipterans, and scirtid (helodid), hydraenid, and heterocerid beetles. Any attempts to dredge 'terminal' ponds back to new, permanent, pond status would deny habitat to such taxa, and should thus be avoided.
The following conclusions should be considered in making management recommendations:
(1) it must be accepted that temporary ponds and pools are not 'wasted' areas of land, they are natural features of the environment and that they represent distinct habitats for many species -some that are not found elsewhere, others that are most numerous there;
(2) there is a strong likelihood that temporary ponds contribute to maximizing the gene pool of species that occur in both temporary and permanent waters and that this increased diversity may be crucial to the survival of species facing possible future changes to global environments. Aquatic biologists and conservationists must consider the evolutionary as well as the ecological consequences of habitat alteration; (3) evidence shows that wetland drainage results in the loss of both aquatic and wetlandassociated terrestrial species, sometimes on an enormous scale.
A pragmatic suggestion for managing wetlands is to direct regional and national conservation efforts, together with any necessary environmental engineering, towards maintaining a high diversity of natural water bodies, including the widest possible variety of temporary water types. Conversion of temporary ponds to permanent ponds should be avoided.
A final point is that, we, as wetland biologists, need to attempt to provide answers to the problems that health-control agencies are increasingly facing as diseases, such as West Nile virus and Equine Encephalomyelitis, spread. The present practices of wholesale drainage of standing waters and mosquito larviciding are crude control measures, in the extreme, and need to be replaced by more environmentally friendly alternatives, based on sound ecological knowledge of natural population control mechanisms. If we cannot provide such alternatives, then we run the risk of recent, hard-earned, protective legislation for wetlands being quickly overturned to protect the public health. 
